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ABSTRAC1
The power ]cquircrncrrt of vchiclcs  designed to II anspor(

cargo supporii[lg  a pilotcct expedition to Mars is in the. rang,c
of mcgawatls. Thcrcforc,  it is imperative that the nmgawatt  -
c l a s s  power Il[occssi ng unil cicsigmxi for high-pcrwcr nuc.icar
clcclric  propulsion vc.hiclcs usirlg turlloal~c.rlla( ors awl
a d v a n c e d  rl]ag,rlc.t(~pias[llady  rlall]ic (Ml’I)) thruslcrs shou]d h
such [hat the ovc.rail systcm efficiency is as hip,h as lmssit)lc
wilh rninirmrrll  syslcm specific mass, This pnpcr ,cxanlirrcs”  the
use of Cryog,cnic power conditirmir)g sut~systcnls 10 rwhicvc
that goal since lhcy IIavc very high cfficicmy.

11 OWCVCI, iri the  pas t , cryogenic power ccrncliliooirr~
sutrsystcrns have showrr complexity o f  dcsigrt fiwl
inlplcrne.ntatiorl arid were costly and scsmcwhrrt  uncertain. With
rcccnt acfvanccs in materials, dcviccs used ia power convc.rsion
and cooling rocthods, forthcr irnprovcmcnls  in c. ft’icicncy arid
specific rrlass arc rcali7.atslc.  Cryoj,cnicall  y coolc.d MOS1’;l  f~ls
and  MCI’S arc. considered for pcrwcr Cxrllvcr sioa atld Iwo
configurations have t>c.ctl examined,

II is fourld that a systcm efficiency of 92.67% a!ld spccifrc
mass  of  9.99 kg/kWc can hc rcalimd  using M(’)SI 1 :1’- ha~cd
cryogenic power conditiorling systc. rns for clccl[ic propulsion
spaccct af( using hfl’1) thl uskrs. W i t h  cryo~c.nicaliy coolcci
MCI’S, the specif ic  mass  cfc.crcascs to 9.77 kg/kWc.  hu[ tlic
efficiency also dccrcascs  m 90.94%.

INTRODUCTION
Figure 1 shows the schematic arrange.rne.nl of varioos

components of a MW-class  Nlil’ vehicle. Art clcc[!ic space
propulsion systcrn crmsisls  of a power source (cF,., mrclcar
reactor and thcrrnal-to-c.f  cctric power conversion syskrn),  a
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FIGURE 1. MF:C+AWAI”T-CLASS  NUCLEAR ELECTRIC
f’ROl’Lfl.SION (NEP)  VE HICL[. WITH Li-PFIOPELLANT  MPD

Tt IRUSTERS

p o w e r  proccssi[lg urli[ (1’PLJ)  w h i c h  corrvcr[s t}}c power
source’s power olltlmi (Vol(ag,e) to the form rcqrrircd t)y t hc
thruslcrs,  ar]d the cklric Ihruslcrs.  In this skrdy, 1’1’[1s for a
t .5-MWC  nuclcaf clcc[[ic propulsion (NM’) usin~ a dynamic
power co]lvcrsion systcrn (c, g. Rankinc) and  h igh-power
rllagrictoplasr] la(lyrjal]lic  (hlPIJ) thrusters arc e.valuated. I’hc
t)asclinc confl~,uraliol] for the NILP vchiclc considered here
consisls  of 3, S1’ l(Kt category, dynamic power conversion
units, a powcl  llroccssing  nlodulc (PPM) containing the I’PU
cle.c(rorrics,  anti 2 clu~[crs of I.i-propellant 16 MPD thrusters.

Specific mass (u) mprcssc.d in units of kilograms pcr
k ilou’att of CICCII ic power (kg/kWc),  a n d  e f f i c i e n c y  (11)
cxprvsscd as thr mlio of power ou[put to power input arc two
prirnery fiSurcs of r[,c~it for electric propulsion syskn~s. ‘f ’tlis
study has adci1cssc4i Iilcsc two flgurcs of merit.



‘1’hc 1.5-MWC nuclear POWCI  systcrn has a low-voltage ( 100
v), 400117, three-pljasc AC output from its cfy[)arnic lm,’cr
conversion systcm (which provides constant powel oulput
during an [iarlh-to-Mars  transit). I’bus, the outpu[ frolll the
uuclcar power sys[crn can bc dircclly fcd (0 a PI’( J Icdif)cr  for
Convcrsiorl  tO lhC 1~~ VOhi3gC required by lhC  [hrLISICl.

I.i-propc.tlant applied-flcld hlPI) thmstcrs arc Sclcc!cd
bccausc of their projcclcd good efficiency at low slmcific
i m p u l s e  (Isp). Dy contras(, a self-field Ml’I) has a 10WCI
projcclcd ef f ic iency and lowc.r  opera t ing  vol[ag,c. Iball a
corresponding applied-field MPD thruster. Tbc PI’LJ for an NIJ’
vchiclc using Ml’I) tbrustcrs  must supply difl”crcnl sys[ct I1s i n
the  vchiclc (I~rishcc cl al, 1993), (I)as ct al,  1991), (I;iishcc
a n d  IIoffman, 1993). Circuit arrar]ge.rncnts a!c SIIOWI1 i!] I hc
rcfcrcncc (Krau[hamcl et al, 1995).

l~igurc.  2  shows a  basclir]c NI;I’-MP1I PPLJ citcuit  dia~ratn
wilt] p o w e r  dislrifmtion. I;igurc 3 shows (1w cilcuit
arrar~gcmcnt  of a proposed NIH’-hl PD I’PU with h4LNIl~l’s  or
MCI’S, and filter configuration, };igure 4 shows inputloutpu[
cor]lrol for both the basclilm and the other two conf]g,urations,
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HGURE ?. BASELINE NEP-MPD PPU CIRCUIT DIA(~RAM
SHOWING POWER DISTRIBUTIC)N  AND I’C)WE. [{

CONVEI{SION WITH SCF{S

‘1’hc plimary driver in I’I’LI  dcsi~n in (tIi\ Ca(c is a
]cc]uircmcn[  of low vol[ag,c and Iiigh powc.r. ‘1’his 1{.quit(,ll]clll
results ill LISC  of higtl-curlcrlt capacity dcviccs (C. p,., 1300 to
‘7500 Amps). Also, the 1’I’U r]lus( bc. designed to accc)n][tlo(atc
slarlup and shutdown transients. atld bc CapilblC  o f  isolatir):
tbrus[cr a n d  1’1’11  compol]cnt Jailurcs  without  co]l}prol[]isill,g
the rcmaindc.r  of the power or propulsion systcnl ‘1’bus, the
I’1’U designs discussed below consist of boll] a pritnary hiEll -
powcr systc[i) and a smaller Iow-power power colditi(ulir]g Uriit
(1’CU).  I’or convcnicllcc, t h e  1’1’lJ  ctcctroliics  col[ll~o]]cn~s
(rcclifrcrs, fillers, etc.) and switches arc treated scpala[cly floltl
the componcll[  “bus bar” wiling (both within the 1’I’M a< well
as in the. iong b o o m s  I)ctwccn the I’I)M and tljrustcrs (,I
bctwccm [hc I’I’M and (be. I]uclcar pmvcr systc]ns).
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FIGUFiE  4. NE: I’-M[’LJ f’PU CIRCUIT DIAGRAM SHOWING
Ff[ Cl IHE:FU[ IL1 I FI INPU1 AND OUTPUT SWITCH

CONF lGUf{Al  ION

In CilCtl  collflp,L]r:i[ic)l),  the switclics used arc nomload break
type clcclrol]lccl)aljical drviccs  that arc dcsignc.d  to disconnect
(OI cm,nccl) Ihrus[c.ls  afd o ther  components .  I;or cxarnplc,
electrical power is disc(lllncc[cd from a tbrustcr by first lurning
off the power convclsic)n systcm, and then by opcnin~ the
11011-1  Oil[l  ~lcak Itllustcl  switch.  Sin)ilarly,  a n y  o f  lt)c varioLls

Itlltloaltcrtlat(lrs 01 powc[ collvcrsiotl swi[chcs can bc isola[cd
by flrsl driving, (hc turlmaltcrl) ator vollagc t o  zc.ro. “1’hc
switches can thc[) hc ojlc IIcd withoul arcing. }Iowcvcr, the need
to isolated tl]c valious cx)mponcnts ill the systcm dots  rcsuit i n
a  coml)lcx swit( Iling, tol}olo~y.



POWER MOSFE.TS
A n]ctal-oxide-scmic.onductor tickl e.f feel Iransislol

(MOSPET) acts as a switch. It is a voltage-controlled nlajority
carrier ctcvicc.  It requires a continuous application of g,alc-tcr
source voltage of appropriate magnitude to ren~airl  ill “on”
s[alc. Transition of state takes place when the gate capacitanc.c
is being cbargcd or discharged. ‘Jl~c dcvicc is in the. “on”
condition when (Ilc gate-to-source vol[agc is below a tl)lcs]lo](-[
v a l u e .  ‘1’hc swilcbing  ti]nc i s  v e r y  shorl, in lhc, rafl~e of
nanoseconds, ‘1’hc  on-resistance of fvfC)Sl:];I’S js Very  SIIMII anti

can bc controllc.d either by dcvicc geometry or by blocki  n!,
voltage rating. Bccausc  of high switching speed, tbc switchir~p.
loss  c a n  bc very sn]all,  MOSI<12’S arc availat)lc  in vol[ap,c.s  u p
!~} ]OOOV and currents up 10 700A ratings. I’hc on-rc.  sistancc
has a positive tcrnpcra[urc coefficient and thcrcforc  MOS[ ’11s
can be paralleled. MOSf:l  H’s when in parallel can Ilaldlc  larp,c
power.

RATIONALE BEHIND HIGH EFFICIENCY
CRYOGENIC POWER CONVERSION

Tbc rcquircrncnt of ultra-high efficiency of hi~h power
conversion for Mars-bound spacecraft using clectlic
propulsion prompted the usc of J’owcr MOSfl~l’s  bccausc the
on-resistance of MOSIl~’s  can bc lowered by cryogcni(
cooling, thereby increasing power convcrsicm cfflcicmcy,
Cornrncrcially available low-cost, high-voltage MC)SJ’l TS art:
good candidates for cryo~,crlic  power conversion (M ullcr al]d
} lcrd, 1 9 9 3 ) .  (;ryogcnic  I’owcr MOSJI;J’S o p e r a t e d  at thr
te.rnpcralurc of ]iquid nilrog,cn have tbc followir]g  features: (i)
their on-rcsislancc  can bc Icduced by a factor of 1 ()-1 S a! low
drain currcrrts and by a factor of 25-30 at tbc, rated d[airl cllrrerll
compared to room tcmpcraturc operation, (ii) by parallc}inr,.
the effc.clivc omlcsislancc  can I)c mtuccd as rrmch as dc<irc(i,
(iii) rcciuction of on-rcsislancc  by parallc]ing  is not ~mssiblr
with olbcr rnajori(y carrier dcviccs such as IG1l’1’s,  (; “1’0s M(;l’s

A cryogenic power MC)SllH’  is any MOS1 ,1;1’ w])ich is
working at the tcrupcrature. of liquid nitrogen (77 K), Srvcral
commercially available dcviccs have m u c h  srnallcr on.
resistance when irnrncrsccl in liquid rli[rogcn at 77}{ c(~rllparcd
to when hcatsink  is at 300K. Jt is also fourd that tllc
irnprovcrncmt fac[or is bifitkcr a l  h i g h e r  d r a i n  cur]crll. lri
addi[ion, a transistor rated at lower cur[cnt can bc opc JaIcd a[
77K with higt]cr rated cullcnt,  It is foul]d that I}IC cry[)~,cni(
power crsnvcrsiorl willl MO Sllft’s may bc advant;l~,cous  even al
h i g h e r  tc.rnpcra[urcs irr tltc r a n g e  o f  2 0 0 K .  ‘1’IIC  tl~errnal
conductivity of silicon a[d most subst[atcs  irlclt.ascs by a
fac[or of 5-10 if coolc.d down to 77K. in additior], lIIC s[xx if]<
hca[, h e a l  capacily  a n d  Itlcrrna] tinlc constarlt &TIca~cs i r}
cryogenic cooling (hluc]lcr  and llcrd,  1993).

q“hcrc arc two kinds of Iosscs in high  frequency power
conversions: (i) conduction losses in the on-slate  c)f the
switches and (ii) swi[chin~ 10 SSCS. The conduction 10SSCS can
bc rcduccd by cooling and thereby reducing on-rc.sistancc, “1’hc
switching losses arc cxcccdingly  small compared to higtl.
frcqucmcy applications of MOS1;liTs.

JIY cryogenic cooling. wc reduce the power dissipr+tion  i n
prswcr clcctronim.  ‘J’his rncans t h a t  the re.frigcrat iorj powc[
rcc]uircmcnts arc rc.duccd to sufficicn[ly  low lcve.ts 10 aflord fin
ultra-high overall cfficicocy.  J~or example, in a 3-r$ bl id[:r

circui[, th[(c  switchc.s arc in series. Assuming a voltage drop
(\~d) of 0,3V in c.ach, the total voltage drop is 0.9V. I’hcrcforc,
for a 100V DC input, the device voltage drop is ().9/100=  f).9%.
If the on-resistance crrn drop by a factor of 4.S (Mueller and
Hc.rd, 1993), tbcrl tlm dcvicc voltage drop will bc further
mluccd to 0.2% and the korrcsponding  efficiency is 99.8%.
Assunling a 100 k\V syslcrn, the loss is 200 w. Jf a
refrigeration factor (rfilio of refrigeration power cornparcd to
dc.sired power dissipation in dc.vices) of 6 is assurncd, the total
loss is 1400 W Rid thr systcm efficiency of 98.6% is rcaliT,cd,

PF’U OPTIONS
‘1’w()  optiorls with cryogenic cooling have been considered

irl this paper. ‘1’hc  block schematic diagram in I’igurc 2
rcpmcnts the baseline systcrn while J~igures 5a and 5 b
rcprcscnt  these two options. The following factors influe.ncc
tbc selection of a J’1’(J option: (1) J’I’U and cabling mass; (2)
J’PU cfficicncy;  (3) I’J’U rcxhrndancy so that each thruster dots
not have a dcdicatc.d  J’P~J;  (4) PPU tbcrrnal control.
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FIGURE 5b. F’OWE:R  CONVERSION AND CONTROL
F’FPW’OSE:D IN OPTION II

A  h40S}l11’ is a variab]c rcsis[ance  dcvicc. Dccausc of low
frc.quc[icy (400 1 17) of switching, the switching loss is very
srnal]; the.rcforc, the only significant loss is duc to on-
rcsistal,cc.  This loss is also small bccausc of cryogcrric
coolini, “1’hc hfOS}:il’l’s arc operated in a synchronous rcctificr
]nodc.  ‘1’hc  control ill oliiorl 1 is wi[h the ‘f ’A. In o[hcr words,
“1’A scr]scs t h e  vol{a F,c al]d current of the thr-ustc.r a n d
inlrncdlalcly adjus{s ]mran)ctcrs by its own control,  Short-
circuit protection is pruvidcd by a solid s[atc contact and is
MOSlli’1’-bascd. If h!(.’’s’s  arc used, as shown in I’igrrrc 5b
cc)rrcs~,onding to Option 1 I, rcc[ification,  and protection and
cortrol  both can bc achicvc(i similar to the baseline which used
S(XS, Using hl(:l’s  provi(fc potential for higher efficiency
bccausc of lower forward drop for MCTS,

PERFORMANCE CALCULATION
‘1’ablcs  1, 2 and 3 show the breakdown of mass, power losses

and c. fliciencics  of various itcrns in the baseline cor#iguration.
l’hc overall spcc-iflc rriiiss  is fourid to bc 9.99 kg/kWc and the
ove.ral I IT(J c. fflcicncy is about 90.2%.
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TABLE 1. POWER CONDITIONING MASSES AN[)
EFFICIENCY

._. _ . . .. —-— —. .-—. — -— —. .- . . .
Item Quanrily Tolal To(al C o m m e n t s

Mass Losses
(kg) (kW)

- - - — . .  - — .  — .  — — .  — . .  .-  . . . . . .-
Tufioaltemalor  0 A) Switches 36 246 1.5 Sum 0( sll Swi(ctws

(1 OOVAC, 1333A)
TA Dallas! Swilcbcs 3G 736

(lOO VAC, 3300 A)
CR Innbl  Switctms 21 430

(160 VAC, 3300A)
Controlled Resfillers  (CR)

(100 VAC, 5030A)
OutrIuf  Chokes O ailcrs, F)
J’poo,KJoA:

(1 OQVOC ,5W3OA)
Thmmlcr  Switches

(loo VOC,75O3A)
Housekeeping PCU

4

4

4

16

2

136

80

114

656

344

Structure 100

40.0

3.0

3.0 63 kWe in, 60 kWe WI
PCU ha$  iv, ov.m  mdla!or

Radlalor 9 3 1  ( 4 4 . 5 )  Tolal PI’U  rari,atw  loa5

1 olal 3773 107.5 PCU input counted
as Im

.—., -c..  . - — .  — —-----  . . . . . ..-

TAEI1.E  2. CABLE AND BOOM MASSES ANII
EFI-ICIENCIES

Item No. of Length Current 1 otal  Te l  J
Cabhx  f“actl Each Ma<s Losses

(m) (A) (kg) (kW)
...  _-. _-__..  ——.  —— .—. — . . . . . .

Reactor Dooms
1 A-to-l A SwilclI
T A Parallel Connedions

3; 2.2 1100 605 Oj
1.5 1100 103 0.;?

1 A40-Dallasl  Resiskx  Switch 36 1.5 1100 412 0s3
Dallas!  Resistor  Parallel Connecriens  9 2.2 3300 26!I 1:2
Reactor Room 24.0 3300 ?931 1; .l~
DOckinO  Connectors 11 CI.25 3300 90
Strucluk (?5 %) 1103
Sublotal  (Specific  Mass” .3.675 k@kWe,  EllIcimcy.  98.8 “A) 5,513 17.8

PPM Cabling
lnput40-Swilch4c-CR 12 2.2 3300 3s8 1.6
lnp@to-Spare  CR Switches 9 0.9 3300 110 0.5
Controlled Rectifier (CR) Inten,al 12 0.9 3300 147 0.6
CR.to-Fdt@rto-Switch-t&O@ul 6 0.5 5000 122 0 2
Ourpti  Parallel Connections 2 20 7500 122 06
Structure (25 “A) 215
.sublotal  (SpecilIc  Mass”. 0.71 G k@We,  Effjcierwy  = 99.8  %) 1 ,0/4 35

Thrusler CIUSIGI  [1 C) Booms
PPM-to-TC  W&
TC Beom
TC Conncc[imls
Structure  (25 O/.)

4 30.0 7500 3075 19.5
4 20 7500 244 1.1
4 2.5 7500 378 1,1

9?5
Subletal  (5ped~c  Miss”  = 3.084 k@We,  Ellmiency  = 98.6 %) 4 6?6 ?1.7

~=. .—. ..= ..--— — .. ———.
Nonwml  power  mpLfl = 1500 kVJe

. . — .

POWER LOSS, EFFICIENCY, AND M A S S
CALCULATIONS

The pftwcr loss and cfflcicncy  of any c.onlponcIIl  arc. rclalccl
by h c.quatiol)s:

II = Oulput  Power/input Power, arid

I’I,)&,:  (1- 1~) . lnpul Povmr

Table 4 shows lhc calculated value.s of power 10SSC3  and
efficiency in racb csp[ion  along with lIIC mass in c~lculaling

the  raciia[or  area (A)  md mass (m),  the following equations
have. been used.

TAI~LE  3. MASS, SPECIFIC MASS AND EFFICIENCY
EST IMAT”ES

— --.— .—. .-— .--. .—. .
Herr,

-- .-— .—--. —— ----
Ek$lnc  F’ower lIIpul  (kWc)

Lo;a~e:hWllK’ril, al)

f Iecfrjx  @ & Swild IOS
P c u  t mcflic)

\PCU I hen)  ,81)
1 o!al

Elctiric  ~,OWC’~  otipul  (kWC)

Ef{ciew  y f%)

Nominal SpetifIC.  Mass (kg/kVJc)

-.—————
TA PPM PPM System
-to. Electronics, -tO- Tolal
S’PU SWitdlcs, Thruster

cables Cables Cables
(3 S.(S) (1 Sel) (2 SeIs)

-—

PO- 1500 148? 1373 PO.1500

18 3 20 41
44 44
59 59

--T3-4-7T4

1487 1373 1353 1353

9881 92.60 98.55 90.20

3.675 3.231 3.064 ----

&$%$’i~&?$.E!ecS  Powerlnjfii’3  4’78’ 4’233 “’535
“E Ifacfiw-  Sp05fIc Mass  (kQ%We) 3.675 3.193 2822 9.690
~Efleshie”  Maw/  P.)
- . ..— ——

A : (1’owcr 1 <)ss) / (cr ● 1’4  ● c) (n12)

m:. A ● W ● Cl; (kg)

S[cfan 1{ tzman conslant
5.(,7X10

-?!

Rr[lissivily
0.8
‘1’cmpm!urc  (Kelvin)
298,  I SK in basclirrc design
I)e[lsit ?5 k~hn , and
(’ol)lin~cncy l;actor
1.5

in the Imsclinc. co[ifl~uralion,  the current is high throughout
because of 10NI VOII;I[’,C  As a rcsul[, these cables arc tllic.kcr and
they also ]mvidc. s[rLllF,tll and in[cgrity to the boom structure.
“]’hc Imvc[ 10SSCS ill tllc cables arc 38 kW. ‘1’hc  power loss i n
I’I’U switches is 109 k}}’. ‘1’hc (o[al PJ’U mass is abou[ 14,985
kg o~ll of which lbc maw of Cat)lc wi[h boom is I 1,212 kg. I’hc
I’}’M swi~( hrs and r’diator  wcip,l]s about 3773 kg. “1’hc overall
cff]cicncy and spcciflc mass aIc calculate.d to bc 90.2% and
9.99 kg/l.Wc,  respcclive]y.

F’EF{FORMANCE  A S S O C I A T E D  WITH OPTIONS I
ANI)  II

Controlled rc.clificls shown in I’able 1 have 40 kW of power
loss. If h40Sf’1’;l’s rcplacc then) in Option I and arc
cryo~,c.nically  COOIMI, pmvcr loss associated with thcm will go
dowi] to 3 kW. Similarly, tbc loss associa(cd with the choke
will lJC rcduccd bccausc of low rms ripple current, Refrigeration
loss will bc apploxir[lately 18 kW (six times). IIousc-keeping
Imvcr  loss will bc urtchan~cd. Radiator mass will go down but



the refrigeration mass will bc added. It is assumed tba[ IIIC.  sun]
of these two masses will noI change significantly.

Cable masses arc  assumed unchanged.  Option  11 is
essentially the same as Option IV in Krauthamci  c1 al, 1995,
cxccpt when MCI’S arc used instead of SCRS.  Whc.n cryogenic
cooling is provide.d, tbc. lotal power loss is 18 hW. 1[ is
possible to cool lhc various components to 77° K (for liquid
nitmgcn)  by designing a systc.m with n]inimu[n  heat IcaLs

from the warm spacecraft and maintaining a view of dcci~ space
ralhcr than of a planet or the sun. Its potcnlial  aclva[(la~c is

reduction in size, wcigbt and cost because there is no bca[ sink,
pump or isolation rcquircnmrl

TABLE 4. COMPARISON OF TC)l-AL PC)WE  H LOSS,
EF+lCIENCY AND SPECIFIC MASS F’OR VAFIIOUS

OPTIONS
—— .—— . . .. —. —.. -———

Options Total Total Efficiency Specific
Mass Power Loss (9A) Mass
(kg) (kW) (kglkWe)

-.-.—— — — .

Baseline 14985 147 90,20 $:.9$)

Option I 14985 110 92.67 $),99

Option II 14661 136 90.94 9.77
-.. .

ADVANCES IN POWER CONVERSION USING ‘
CRYOGENIC MOSFETS AND HIGH-
TEMPERATURE SUPERCONDUCTORS

lligll-tcr]~pcra[ i]rc supclconduc(ors  f o r  acllicvillg irl~l]rovc(l
performance and grcatc.r efficiency arc ncarillg,  rca} it y.
American Supcrconduclor  (Iorporalion, a pioncc.r  in Il,c flcld of
superconductors, report t h a t  tbc.ir supcrronductirlg  p o w e r
convcrlcrs  will be on the ]Ilarkct by 1997. ]ifficicncy  will bc
higher and the reliability w i l l  be incrcasecf bccausc
components will not bc. subjc,ctcd  to tltc heat p,cncratcd t~y
clcclrical  rcsis[anrc  in conventional power co]duc[ols.  (ftay,
GcIbcr, I’attcrson, and Myers, 1995; and Solom{m,  19ti6).

If power conversion dcviccs alc c1 yogc,nical Iy coolrd ald
wires arc sll[>crcc>l~cll]c[ors, t h e r e  w i l l  bc addilimml  pc,v.cl
savings and overall efficiency will improve fut[hcl, lIIductoIs
using supcrconduc[inp,  wires and low-loss capacitors will
provide additional implovcmcnts  in efficiency. IIOWCVCI,
power required for coo]inr, will bavc. 10 hc factored into ovcral  I
cfflcicncy  calculations.

This paper has considcl cd only cryogenic cooling of iwwci
convers ion  dcvicc.s; the inlpact of supcrconduclin~ wi(cs a[d
cables has not been addressed. } Iopcfully, data wi II gradual])’
bccomc available to enable cstima[ion of irl~[)rcl~’crilc.tits i II

efficiency anti specific niass fo[ systcnls itlcorpolatinr,  Imtil
cryogenically-cooled col]vcrsion dc.vices and supcicondu(  tinp,
wiles and cabics.

CONCLUSIONS
I]ascd On the prc.iitninary analyses prcscntcd in this paper,

the following conc]usiotls  can bc made regarding the power
coJldiliolli Jlp, Subsystcnl cfticirmcy and specific mass of
nucic.a; -c.icctric propulsion vchiclcs using MPD tbrus[crs for
Mars (’argo missions:

i l{oth Opt ions i  all(i li h a v e  s u p e r i o r  pc.rformancc
compare.d to the imsciim  design.

? .  ()[)tiorl  1, which uscs cryogcnicaiiy-cooied  MOSlliTs,
has a hi~imr c. ft’tcic.ncy  than Option Ii, which uscs
c1 yop,cl]ically-cc)  olcd MCI’S. IJowevcr, Option 11 has a
S(llJICM’ha[  iowcI \pCCiflC mass as compared to option  I,

3. ]{oth options Ilavr a higher complcxi[y  of design and
itllpiclllc.r]tatioll a: coniparcd to tbc basciinc  systcm. ‘t’hc
it I Ipac! of this al Idcd complexity on cost has not been
examined.

4. 1 Iigh-tc.rnpcraturc supc.rconducting  wires and cabics have
not bce.n  inciudcd  in the designs of Option I and 11. The
success  cjf bigil. tcmpcraturc  superconducting power
conversion has been rcccntiy demonstrated (Jaeger and
(iacnsslcn,  1986; and Iaramcc,  Aubin,  a n d  Chcckc,
1985), but fur[hcr information is required to determine
quantitatively the potcntiai  benefits of this tccbnoiogy
for this application.

5. it is illipoltal]t  tt]a[ IIIC imi,act  of cryogenic cooiing and
iligh-tcrl~I~c.latillc sul]c[conductirrg power conversion bc
c ~amincd toF,cti]c~ to evaluate furthc.r in]provcmcnts  i n
cfficic[lcy and siwcif]c mass for ai~piication to spacecraft
ctc.ctric proprrlsiol) syslcms.  it is clcariy seen that their
combined usc ill power conversion may provide for
si~nif]can[ syllcrp, istic systems-level benefits,
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